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The occurrence of pharmaceutical compounds in the environment has been a growing concern. However, 
there is little information on the concentration levels of pharmaceuticals in African countries. This indicates 
the need and the importance to develop sensitive methods that can detect these compounds at trace 
levels (ng/L–µg/L). This work reports on the development of solid phase extraction followed by liquid 
chromatography–photo diode array (SPE-LC-PDA) analysis. The method was then applied for the analysis 
of pharmaceutical compounds (ibuprofen, fenoprofen, naproxen, carbamazepine and diclofenac) in river 
and wastewater samples. The SPE recoveries obtained at 10 000 ng/L spike concentration ranged from 
89–120% in distilled water, 79–110% in river water and 78-94% in wastewater. The LODs and LOQs ranged 
from 10.9–20.4 ng/L and 36.2–60.7 ng/L, respectively. Concentrations of the pharmaceuticals obtained in 
river water samples ranged from 60 to 32 900 ng/L; in wastewater they ranged from 70 to 66 900 ng/L. Higher 
concentrations of pharmaceuticals were detected in winter compared to the spring season.
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INTRODUCTION
Pharmaceutical compounds are drugs used for very important purposes, such as curing, diagnosis 
and treatment of minor and serious diseases (Archer et al., 2017). Pharmaceutical compounds 
have been classified as emerging contaminates as a result of the large amount of pharmaceuticals 
that enter the environment due to the increase in their consumption by animals and humans 
(Ascar et al., 2013). They have now been included in the list of ecologically active chemical entities 
under the global United Nations Environmental Programme (UNEP). Pharmaceuticals are not 
completely metabolized by our bodies; therefore, they are excreted from human bodies, as either 
metabolites or parent compounds via urine, faeces or sweat, into sewage, and hence make their way 
into wastewater treatment plants (WWTPs) (Mlunguza et al., 2019). Human waste streams and 
WWTPS have been regarded as the main source of pharmaceutical residues together with their 
metabolites entering the environment (Gracia-Lor et al., 2012). The wastewater treatment processes 
are not specifically intended to remove pharmaceuticals from wastewater; hence, these are disposed 
into the surface water with the treated WWTP effluents. Recent studies have shown that WWTPs 
partially remove pharmaceuticals with percentages ranging from negative removal up to 99% 
(Li et al., 2014; K’oreje et al., 2016; Madikizela et al., 2017; Gruchlik et al. 2018; Mosla et al., 2018; 
Mtolo et al., 2019). Also, due to the illegal dumping of unused and expired drugs, pharmaceutical 
compounds can make their way into the environment (Larivière et al., 2016; Madikizela et al., 2020).
Pharmaceuticals have been found to be present in wastewater effluent, drinking water, rivers and 
dams in various parts of the world (Gilart et al., 2014; López-Roldán et al., 2010; Kanama et al., 2018; 
Sibeko et al., 2019). Even though the analysis of pharmaceuticals has been conducted for almost a 
decade in African countries, there is still limited information with regards to their occurrence in the 
environment (K’oreje et al., 2020). This may be due to limited analytical facilities available; also there is 
a lack of suitable and sensitive methods that can be used to effectively analyse these organic pollutants 
(Agunbiade and Moodley, 2016). However, there has been some progress made in the past 3 years 
on the environmental monitoring and assessment of pharmaceuticals in African countries, and the 
number of published papers and review articles has steadily increased (including Madikizela et al., 
2018; Mbhele et al., 2018; Mosla et al., 2018; Sibeko et al., 2019; Branchet et al., 2019; Mlunguza et al., 
2019; Fekadu et al., 2019; Madikizela et al., 2020; K’oreje et al., 2020). A review on the occurrence of 
pharmaceuticals in freshwater aquatic environments in the African and European continents indicated 
that ibuprofen, carbamazepine, naproxen and diclofenac were amongst the top 10 frequently detected 
and quantified compounds. Naproxen was reported to be found at concentrations 171 times higher in 
African countries than on the European continent (Fekadu et al., 2019).
Amongst the various groups of pharmaceuticals, non-steroidal anti-inflammatory drugs (NSAIDs) 
are considered as one of the most used acidic pharmaceutical compounds worldwide, because 
they are easily accessible without any medical prescription needed. The most widely used NSAIDs 
are naproxen, fenoprofen, diclofenac and ibuprofen (Madikizela, 2017). They are known to have 
antipyretic, anti-inflammatory and analgesic properties (Wongrakpanich et al., 2018). However, with 
continuous exposure they may have negative effects on aquatic life and human health, even at trace 
levels. NSAIDs have also been found to have a negative effect on the species in the environment by 
affecting the functioning of the endocrine system. Xu et al. (2019) revealed a substantial decrease 
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in triiodothyronine and thyroxine hormone levels in Zebrafish 
after 60 days of exposure to naproxen at environmentally relevant 
concentrations. Induced endocrine disruption, alterations of 
immunological parameters, and genotoxic effects in the mussel 
Mytilus galloprovincialis were observed after exposure to 
ibuprofen and diclofenac (Gonzalez-Rey and Beebianno, 2012; 
Mezzelani et al., 2018).
The sample clean-up and preparation process is one of the 
most important steps when dealing with organic pollutants in 
environmental matrices as they present at trace levels. Solid phase 
extraction (SPE) is usually used for sample preparation and pre-
concentration due to its ability to reduce the matrix effect, enhance 
sensitivity and thus lower the detection limit (K’oreje et al., 2016; 
Zhang et al., 2017). Also, SPE uses less organic solvent and gives 
higher analyte recoveries (Manrique-Moreno et al., 2016). SPE 
Oasis HLB (hydrophobic-lipophilic balanced) cartridge is one 
of the most effective extraction and clean-up procedures for 
water samples. This is due to the presence of the neutral polar 
hook on the HLB cartridges which enhances the retention of 
polar analytes and thus improves their recoveries (Ntombela 
and Mahlambi, 2019). The commonly used chromatographic 
methods for the determination of pharmaceutical compounds 
are high performance liquid chromatography (HPLC) and 
gas chromatography (GC). HPLC has been widely used when 
analysing acidic pharmaceuticals because they are non-volatile, 
while the derivatization step is needed when GC is to be used 
in order to increase the volatility of the compounds, which may 
lead to the formation of unwanted compounds during the process 
(Sadkowska et al., 2017).
The aim of this study was therefore to develop solid phase extraction 
followed by liquid chromatography coupled–photodiode array 
detector (SPE-LC-PDA) method for simultaneous determination 
of the five most used pharmaceutical compounds (ibuprofen, 
naproxen, diclofenac, fenoprofen and carbamazepine) in river 
water and wastewater samples. These compounds were chosen due 
to their wide and consistent usage as therapeutic agents leading to 
their continuous release into the environment; they are frequently 
detected in wastewater and surface water worldwide. On the other 
hand, they have a negative health impact on humans as well as 
aquatic organisms even at trace levels; hence their monitoring in 
various water bodies is essential.
EXPERIMENTAL
Chemicals and reagents
Acetone (99.9%), acetonitrile (99.9%), dichloromethane (99.9%), 
methanol (99.9%) and ethyl acetate (99.9%) were purchased from 
Sigma-Aldrich (Steinheim, Germany). Carbamazepine (≥98%), 
fenoprofen (97%), ibuprofen (≥98%), naproxen (98%) and 
diclofenac (98%) were purchased from Sigma Aldrich (Durban, 
South Africa).
Instrumentation
The SPE manifold bought from Sigma Aldrich (Steinheim, 
Germany) was used for the cleaning up, purification and extraction 
of the compounds from water samples. SPE was connected to a 
pump manifold from Edwards (Munic, Germany). Oasis HLB 
cartridges (60 mg, 3 mL) purchased from Waters (Uppsala, 
Sweden) were used as SPE sorbents. LC-2020 equipped with 
Shim-Pack GIST C18-HP column (4.6 x 150 mm, 3 µm) coupled 
to a 2030/2040 PDA detector purchased from Shimadzu (Europe, 
Germany) was used for the analysis. The data were acquired at 
229 nm. The mobile phase composition was kept as isocratic with 
60:40 (acetonitrile: water in 0.1% formic acid) at a flow rate of 0.5 
mL/min.
Preparation of standards
100 mg/L standard stock solution containing a mixture of target 
compounds (naproxen, carbamazepine, fenoprofen, diclofenac 
and ibuprofen) was prepared by transferring 10 mg of each 
analyte into a 100 mL volumetric flask and then dissolved this 
in acetonitrile. Standard working solutions with concentrations 
ranging from 10 000–1  000 000 ng/L were prepared from the 
stock solution and used for calibration of LC-PDA. All of the 
standard solutions prepared were stored at 4°C in the refrigerator 
and used within 24 h.
Sampling
The wastewater samples were collected in 5 wastewater treatment 
plants (WWTPs) in KwaZulu-Natal; 4 plants were in the Durban 
area (Amanzimtoti, Umhlathuzana, Umbilo and Northern 
WWTP) and 1 plant was in Pietermaritzburg area (Darvill).
The treatment plant receives wastewater from domestic and 
industrial sources that may contain pharmaceutical compounds. 
After the wastewater treatment, the effluent is released into the 
nearby rivers which could introduce the pharmaceuticals into 
the rivers as the treatment plants lack the proper facilities to 
completely remove organic pollutants.
Umbilo WWTP is designed to receive organic waste of 500 mg 
COD/L with a raw sewage inlet flow of 23 m3/day, but the load 
fluctuates up to 2 000 mg COD/L and receives an average of 
650 mg COD/L. The treatment process in this plant consists 
of chlorination, mechanical and biological treatment. Umbilo 
treatment plant is surrounded by residential and industrial 
areas and it is near the Umbilo River where the effluent from the 
treatment plant is discharged (Poulsen and Lauridsen, 2005).
Darvill WWTP serves a population of over 300 000 people. It 
receives wastewater which is 30% from domestic and 70% from 
commercial and industrial sources as well as hospital facilities. 
The treatment plant is designed to receive about 65 ML/day of 
wastewater; however, it is currently receiving more than its 
designed capacity as it has a dry weather inflow load which is 
above 70 ML/day. The treatment plant process involves aeration 
by stirring the wastewater influent; thereafter it undergoes 
sedimentation followed by chlorination. It then discharges 
the treated effluent into the Msunduzi River (Agunbiade and 
Moodley, 2016; Matongo et al., 2015).
Umhlathuzana WWTP had been designed to treat inflow of 
15 ML/day. It receives influent wastewater from two sources which 
are the Marianridge and Shallcross suburbs. Shallcross receives 
about 2 ML/day which is 100% domestic wastewater while 
Marianridge receives about 8 ML/day which is 30% industrial 
and 70% domestic. The operation unit consists of screens and grit 
chambers, the biological reactor which is employed as an extended 
aeration basin, followed by secondary clarification in secondary 
settling tanks. The effluent from the two sources is combined and 
treated with chlorine, and is then discharged into Umhlathuzana 
River. Umhlathhuzana WWTP receives industrial and domestic 
wastewater which could all contribute towards pharmaceutical 
concentrations (Mhlanga and Brouckaert, 2013).
Amanzimtoti WWTP is designed to receive 22 ML/day. Aman-
zimtoti WWTP receives wastewater from industries and domestic 
sources. 2 000 kg/day of thin sludge is back-washed and the 
chlorine gas is used as a primary disinfectant. The plant discharges 
its effluent into the Mbokodweni River (Umgeni Water, 2013).
Northern WWTP has a design capacity of 58 ML/day and 
has undergone expansion to enlarge its treatment capacity to 
66 ML/day and flow capacity to 99 ML/day. It discharges its 
treated effluent to the Mgeni River (Naidoo, 2013).
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Figure 1. The selected sampling points along the Msunduzi River 
River water samples were collected from 4 sampling sites along the 
Msunduzi River in Pietermaritzburg (Camps Drift, College Road, 
YMCA, Bishopstowe and Woodhouse) (Fig. 1) and 4 sites on 
rivers in the Durban area (Umbilo, Umhlathuzana, Mbokodweni 
and Mgeni River), into which the investigated WWTPs discharge 
their effluent. There are a lot of activities that occur around the 
Msunduzi River, including agricultural, industrial, and domestic 
activities. There is also a wastewater treatment plant, which treats, 
among others, hospital and domestic waste, and discharges its 
treated effluent into the river. The river is used for illegal dumping 
of waste from informal settlements, and is very popular for its 
sporting activities which include fishing and canoeing. These 
activities occurring around the river could contribute to high 
pharmaceutical concentrations in the river. Sampling along the 
Msunduzi River was done during winter and spring seasons 
while for other sites samples were collected during the winter 
season only. Samples were collected using the grab sampling 
approach into pre-cleaned brown glass bottles. All the samples 
were collected in duplicate at each site; the duplicates were then 
combined to form a composite sample per site. They were then 
transported to the laboratory in a portable ice chest where they 
were kept in the refrigerator at 4°C and analysed within 72 h.
Sample preparation
The sample extraction was done using SPE (Oasis HLB 60 mg, 
3 mL). SPE cartridges were conditioned with 2 mL of acetonitrile 
followed by equilibration with 2mL of distilled water. After 
conditioning, 50 mL of water sample was loaded through the 
cartridge to allow the analytes to be adsorbed onto the sorbent. 
2 mL of distilled water was used to wash off the impurities and 
the cartridge was dried under vacuum for 10 min. The adsorbed 
analytes were then eluted with 2 mL of methanol. The extracts were 
concentrated to 1 mL with a gentle stream of nitrogen and analysed 
using liquid chromatography photo diode array (LC-PDA).
Optimization of the analytical method
Optimization of LC-PDA
The LC-PDA method from Versteeg (2014) was adopted and 
further optimized. The analytical method’s conditions, such as 
flow rate, detector wavelength and mobile phase composition 
were optimized in order to obtain conditions that allow good 
separation of the analytes at reasonable retention times.
Optimization of SPE
The SPE conditions were adopted from Lin et al. (2005) and 
further optimized. SPE parameters that were optimized were 
sample pH, conditioning solvent, and sample volume, in order to 
obtain extraction conditions that will give higher recoveries for all 
the analytes. This was done by using distilled water, spiked with the 
target compounds to achieve a final concentration of 10 000 ng/L. 
River water and wastewater recovery tests were conducted under 
optimum conditions. All analyses were conducted in triplicate.
Validation of the analytical method
The method was validated in terms of the % recoveries, limit of 
detection (LOD), limit of quantification (LOQ), and linearity. The 
linearity was investigated between 100 and 1 000 000 ng/L. The 
LOD and LOQ were calculated as 3 and 10 times the signal to noise 
ratio, respectively. The recoveries were examined using distilled 
water samples spiked with 10 000 ng/L of pharmaceuticals. 
River water and wastewater were also spiked with 10 000 ng/L of 
pharmaceuticals to assess the recoveries of the compounds under 
optimum conditions.
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Figure 4. The effect of pH on the pharmaceutical recoveries. Spike 
concentration: 10 000 ng/L of analytes mixture. Sample volume: 50 mL. 
Conditioning solvent: acetonitrile. Washing solvent: 2 mL distilled water. 
Eluting solvent: 2 mL methanol.  
Figure 3. Effect of sample loading volume on the recoveries of 
pharmaceuticals. Spike concentration: 10 000 ng/L of analytes mixture. 
Conditioning solvent: acetonitrile or methanol. Washing solvent: 2 mL 
distilled water. Eluting solvent: 2 mL methanol. Sample pH: 7
Figure 2. The effect of conditioning solvent on the recoveries of the 
pharmaceuticals. Sample volume: 200 mL spiked with 10 000 ng/L of 
analyte mixture. Washing solvent: 2 mL distilled water. Eluting solvent: 
2 mL methanol. Sample pH: 7
RESULTS AND DISCUSSION
LC-PDA optimization
Initially, the mobile phase composition of 60:40% acetonitrile: 
water in 0.1% formic acid, 254 nm wavelength, and a flow rate 
of 0.5 mL/min were used. Under these conditions, ibuprofen 
was not detected; however, the other compounds were well 
separated with reasonable retention times (5.3–11.4 min). The 
detector wavelength was then changed to 229 nm and the other 
parameters were kept constant. At a wavelength of 229 nm, 
ibuprofen was detected at 12.3 min and good separation for the 
other analytes was observed with retention times that ranged 
from 5.4–12.3 min. The effect of the flow rate (0.2, 0.5 and 
0.75 mL/min) was also investigated as it is one of the factors that 
influence peak broadening and peak resolution and thus affect 
analyte quantification (Meurs, 2016). The flow rate of 0.5 mL/min 
gave good separation for all of the compounds at reasonable 
retention times. A slow (0.2 mL/min) flow rate resulted in the 
longer retention time of the compounds with poor separation. 
On the other hand, the faster flow rate (0.7 mL/min) decreased 
the retention time of the compounds; however, a poor resolution 
was observed. Therefore, the optimum LC-PDA conditions 
were 60:40% acetonitrile:water in 0.1% formic acid, 229 nm as 
wavelength, 15 min run time and a flow rate of 0.5 mL/min.
SPE optimization
The effect of conditioning solvent
To investigate the effect of conditioning solvent on the recoveries 
of the analytes, acetonitrile, dichloromethane and methanol were 
used, because they are widely used solvents for the extraction 
of acidic pharmaceuticals (Gumbi et al., 2017). Acetonitrile 
(89–120%) and methanol (78–99%) gave higher recoveries for 
most of the compounds (Fig. 2). This indicated that they were 
both better able to remove the air present in the cartridges and 
fill the empty spaces in the adsorbent, and thus better penetrated 
through the pores of the sorbent (Camel, 2003). This resulted in 
the activation of the sorbent functional groups which allowed 
effective interaction between the analytes and the sorbent 
functional groups and thus increased the recovery of the analytes. 
Higher recoveries for methanol and acetonitrile compared to 
dichloromethane could be due to their higher polarity.
The effect of sample loading volume
The effect of sample loading volume was investigated using a 50, 
100 and 200 mL of distilled water sample volume. Methanol and 
acetonitrile were both separately used as conditioning solvent. 
Higher recoveries were obtained when 50 mL sample was used 
with either acetonitrile or methanol as the conditioning solvent. 
However, the results obtained when acetonitrile was used 
(89–120%) were within the acceptable limit (80–120%) (Hooda 
and Wilkinson, 2019) for all target analytes and they were slightly 
higher compared to those obtained in methanol (78–119%) (Fig. 3). 
The decrease in recoveries when higher sample volume is used 
could be an indication that the capacity of the SPE sorbent has 
been exceeded, hence the cartridge became overloaded and no 
longer retained the analytes (Madikizela, 2017).
The effect of sample pH
The effect of sample pH was investigated in order to observe its 
effect on the recoveries of analytes. The pH investigated was acidic 
pH (2), basic pH (10) and neutral pH (7). The neutral pH gave 
higher recoveries (79–120%) while the basic and acidic pH gave 
lower recoveries (Fig. 4). The low recoveries at acidic pH could be 
due to the protonation of the H atom on the carboxylic group of 
pharmaceutical compounds (Gros et al., 2006). The reason for low 
recoveries at basic pH could be that the pH is higher than the pKa 
value of the compounds; therefore the compounds hydrolyse and 
thus exist in the anionic form which results in poor adsorption 
onto the cartridges (Versteeg, 2014; Madikizela, 2017). Higher 
recoveries obtained at neutral pH could be due to the fact that 
Oasis HLB cartridges contain lipophilic divinyl benzene and 
hydrophilic N-vinyl pyrrolidone, which allows sorbing at neutral 
pH thus improving the recoveries of the analytes (Madikizela et 
al., 2017). These results are in agreement with those reported in 
the literature (Lindholm-Lehto et al., 2018; Farré et al., 2008), 
where higher recoveries were obtained when neutral pH was used 
with Oasis HLB for the analysis of pharmaceuticals.
The washing and elution steps were not investigated since 
acceptable recoveries were obtained. This indicated that 2 mL of 
water as the washing solvent was effective in removing unwanted 
interferences and 2 mL of methanol as the eluting solvent was 
strong enough to completely elute the trapped analytes from 
the sorbent bed. Methanol is known to have high eluotropic 
and polarity strength which makes a good eluting solvent 
(Żwir-Ferenc and Biziuk, 2006). Acetonitrile was then taken as 
the optimum conditioning solvent. Similar findings were reported 
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by Shraim et al. (2017), where acetonitrile was found to be the 
optimum conditioning solvent for the analysis of pharmaceuticals 
in wastewater, using Oasis HLB cartridges.
Analytical method validation
Method validation was done based on linearity, LOD, LOQ and 
recoveries. The linearity (R2) of the method was investigated using 
100 000–1  000 000 ng/L of the analyte mixed standards. The 
calibration curves showed a good correlation for all target analytes 
with R2 between 0.998 and 1.000, which indicates good precision 
and accuracy of the optimized LC-PDA method. The LOD and the 
LOQ were calculated as 3 and 10 times the signal to noise ratio, 
respectively. The LODs ranged from 10.9–20.4 ng/L and the LOQs 
ranged from 36.2–68.1 ng/L (Table 1). The low values obtained for 
LODs and LOQs indicate good sensitivity of the method, which 
could allow the determination of pharmaceuticals at trace levels. 
The LOD and LOQ obtained in this study are slightly lower than 
those reported in literature for the analysis of similar compounds 
using HPLC coupled with photodiode array detector, which were 
14.0–51.0 µg/L and 46.0–170.0 ng/L, respectively (Montagner and 
Jardim, 2011).
The recoveries obtained ranged from 78 to 120%, which is within 
the acceptable percentage recovery range of 70–120% (Hooda 
and Wilkinson, 2019). The recoveries were also shown to be 
independent of spike concentration in the samples, indicating 
the direct proportionality of the amount in the sample to that 
extracted, which is important for accurate quantification (Sibiya 
et al., 2012). The recoveries obtained in this work are higher 
than those obtained in the study conducted by Lin et al. (2005), 
(77–92%). This indicated the importance of optimizing the 
already published method before application to real samples. The 
accuracy and precision were expressed in terms of the relative 
standard deviation (RSD) and were found to be less than 10% 
(Table 1), which indicated that the optimized method has good 
precision and accuracy.
Application of the optimized method to real water 
samples
Concentrations obtained in wastewater samples
The influent samples had higher concentrations compared to the 
effluent samples (Table 2). This is expected since the influent is 
raw sewage that has not been cleaned to remove any contaminants 
(Nikolaou et al., 2007). The low concentration in the effluent could 
be due to either the adsorption of pharmaceuticals to the solid 
sludge or their degradation during the activated sludge treatment 
process, resulting in lower concentrations retained in the water 
(Grandclément et al., 2017).
Naproxen was found to be higher in the effluent than in the influent 
at Amanzimtoti. The NSAIDS are conjugated in the liver and are 
excreted as water-soluble glucuronides and sulfates. In WWTPs the 
glucuronides produced by bacteria hydrolyse the conjugated NSAIDs 
back to active parent compounds. Also, some pharmaceuticals are 
enclosed in faeces and are released into wastewater by microbial 
activities, which could be the reason for higher concentrations 
obtained in the effluent than in the influent, and this results in low 
or negative removal (Grandclément et al., 2017).
Ibuprofen was detected in most of the samples with the highest 
concentration in Umbilo influent (66 900 ng/L). This could be 
due to ibuprofen’s high therapeutic dose (600 to 1 200 mg/d), of 
which 70–80% is excreted as the parent compound, or in the form 
of metabolites. The incompletely absorbed medication is excreted 
into the sewage system along with the unused drugs that may 
be disposed of via drains and toilets (Mlunguza et al., 2019) and 
hence find their way to the treatment plants. It could also be as 
a result of wastewater from industries, including pharmaceutical 
manufacturing, which has a high content of organic matter 
which the organic pollutants can adsorb onto. The plant is also 
designed for an organic load of about 500 mg COD/L but the 
treatment plant receives up to 2 000 mg COD/L which indicates 
that most of the time the plant is overloaded with organic matter. 
Table 1. LODs, LOQs, R2, % recoveries of the analytical method






(10 000 ng/L) 
Wastewater 
(10 000 ng/L)
Carbamazepine Y = 76 397x 0.999 68.1 20.4 120 ± 1.7 112± 2.4 110 ± 1.4 94 ± 3.0
Naproxen Y = 30 410x 1.000 53.4 16.0 97 ± 5.4 90 ± 3.1 79 ± 4.3 83 ± 4.9
Fenoprofen Y = 23 454x 0.998 47.8 14.3 92 ± 2.2 89 ± 2.0 82 ± 3.5 78 ± 5.8
Diclofenac Y = 24 547x 0.999 36.2 10.9 105 ± 1.5 99 ± 1.1 99 ± 4.2 85 ± 2.5
Ibuprofen Y = 292 233x 0.999 36.7 11.0 89 ± 4.0 82 ± 3.2 80 ±6.7 81 ± 9.6
Table 2. Concentration of pharmaceuticals obtained in wastewater samples (n = 3)
WWTPs Concentrations of pharmaceuticals (ng/L)
Carbamazepine Naproxen Fenoprofen Diclofenac Ibuprofen
Northern Inf 7 540 ± 5.3 8 990 ± 1.9 47 600 ± 4.9 <LOD 27 600 ± 5.8
Eff <LOD <LOQ <LOD <LOD <LOD
Umbilo Inf 100 ± 1.2 240 ± 1.2 970 ± 7.3 <LOD 66 900 ± 9.2
Eff <LOD 110 ± 4.3 300 ± 2.8 <LOD 520 ± 3.25
Umhlathuzana Inf (M) 2 390 ± 4.7 890 ± 3.2 1 870 ± 4.5 <LOD 2 360 ± 8.41
Inf (SC) 740 ± 5.2 <LOD <LOD <LOD <LOD
Eff 70 ± 1.2 <LOD <LOD <LOD <LOD
Amanzimtoti Inf 690 ± 1.2 550 ± 2.5 4 350 ± 2.2 <LOD 32 900 ± 9.2
Eff 690 ± 1.2 1 770 ± 1.8 <LOD 290 ± 2.1 260 ± 7.8
Darvill Inf 24 000 ± 5.7 2 850 ± 6.2 32 600 ± 8.9 21 100 ± 2.5 31 800 ± 5.5
Eff 3 330 ± 4.9 <LOD 1 200 ± 3.1 <LOD 9 450 ± 7.9
*Inf: influent, Eff: effluent, M: Marianridge, SC: Shallcross
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This results in high concentrations being detected in the 
wastewater samples (Poulsen and Lauridsen, 2005). The 
concentrations of ibuprofen in the treatment plants were higher 
in the influents than in the effluents and this could be because a 
significant portion of ibuprofen is degraded during wastewater 
treatment resulting in low concentrations in the effluent. 
Carbamazepine was found to be present in all wastewater 
samples except Umbilo and Northern effluents. Carbamazepine 
is an anticonvulsant pharmaceutical that is widely used in the 
treatment of epileptic patients. Huge amounts of carbamazepine 
are consumed by individuals as a result of a high maximum 
daily dose of 1 000 mg which may contribute to the presence of 
carbamazepine in wastewater even though epilepsy is not a very 
common disease (Du Plessis and Schloms, 2017; Kong et al., 2014). 
Also, carbamazepine presence could be due to its continuous 
release into the environment since it administered for a long time 
or even for life to the patients. Diclofenac was below detection 
limits in most of the samples, even though it has been reported 
to be one of the most commonly detected NSAIDs in the South 
African aquatic environment (Fekadu et al., 2019; Madikizela et al., 
2020). Its low detection could be due to it being photochemically 
active; hence it might have degraded (Patrolecco et al., 2013).
Darvill WWTP was found to have the highest levels of all the 
analytes detected in the influent water. This could because the 
Darvill WWTP is the main treatment plant that treats wastewater 
for the population of over 300 000 people. It also treats industrial 
wastewater, as well as wastewater from hospitals and clinics; 
therefore high concentrations of the compounds are expected 
(Matongo et al., 2015). The concentrations obtained in this work 
for Darvill WWTP are higher for ibuprofen (260–66 009 ng/L) and 
lower for carbamazepine (70–24 000 ng/L) than those reported 
by Matongo et al. (2015) for the analysis of carbamazepine (910– 
2 210 ng/L) and ibuprofen (58 700–117 500 ng/L) in Darvill WWTP. 
These differences in the concentrations observed in the same 
treatment plant could be due to different loads of pharmaceuticals 
that reach the plant at different times/years of sampling. The load 
is dependent on the consumption rate for each pharmaceutical, 
the excretion of un-metabolized pharmaceuticals as well as the 
resistance of pharmaceuticals to biodegradation (Madikizela, 2017).
Concentrations obtained in river water samples collected 
during the winter season
Ibuprofen was detected in all river water samples except for 
Umhlathuzana and Mbokodweni. Its concentrations ranged from 
340 to 33 900 ng/L, with the highest concentration being for Mgeni 
River. The higher concentrations of ibuprofen could be because it 
is widely used as an antipyretic, analgesic and anti-inflammatory 
agent in South Africa and worldwide (Bessone, 2010; Fekadu 
et al., 2019; Madikizela et al., 2020). Carbamazepine was less 
frequently detected (30%), with the concentration ranging from 
0.17 to 0.83 µg/L, which could be due to its low water solubility. 
However, other factors such as consumption and excretion rate may 
contribute to its low detection. The results obtained in this work 
are lower for ibuprofen (32 900 ng/L) when compared to those 
obtained by Matongo et al. (2015) for the analysis of ibuprofen 
(58 710 ng/L) in water samples from the same area (Msunduzi 
River, South Africa). On the other hand, for carbamazepine 
(830 ng/L), the concentrations are in the same order of magnitude 
as those observed by Matongo with a concentration of 910 ng/L 
(Matongo et al., 2015). However, the results obtained in this work 
are higher than those obtained in other South African water studies 
for ibuprofen, reaching up to 11 000 ng/L (Madikizela et al., 2017) 
and 1 400 ng/L (Sibeko et al., 2019). They are also higher than those 
reported for Greece by Nannou et al. (2015) for the analysis done 
for water samples from Kalamas River, Greece, where ibuprofen 
concentration was found to be 1 350 ng/L.
YMCA sampling point had the highest concentrations for most 
of the compounds detected. Higher concentrations could be due 
to illegal dumping of waste by residents, and possibly improper 
discharge of waste from clinics and hospitals around the area. In 
Camps Drift all the analytes were detected; however, they were 
below the quantification limits, with the exception of ibuprofen 
which was detected at a concentration of 22 000 ng/L. College 
Road and Woodhouse only had positive results for ibuprofen. 
In Woodhouse, the possible source of contamination could be 
Darvill WWTP effluent, since this site is just downstream from the 
treatment plant. All of the tested compounds had concentrations 
that were < LOD in the Umhlathuzana River. The results are shown 
in Table 3.
Effect of seasonal variations on the concentration levels of 
pharmaceuticals
Comparatively more pharmaceutical compounds were detected 
per sampling point along the Msunduzi River during spring (2–4) 
compared to winter (0–2), except ibuprofen which was detected in 
all samples during the winter season. However, most compounds 
showed higher concentrations during the winter season. The 
factors that influence the seasonal variation of pharmaceuticals 
in water include the water temperature, precipitation, irradiance, 
and dilution effect (Sun et al., 2015). The reason for high 
concentration levels of pharmaceuticals in winter could be due 
to low solar irradiation and low water temperature, which results 
in low photo-degradation and bio-degradation rates, respectively. 
Hence, there is a higher occurrence of pharmaceuticals in winter 
than in the spring (Sun et al., 2015). The dilution of compounds 
occurs mainly during spring, with significantly high rainfall, 
resulting in flooding and thus a decrease in the concentration 
of pharmaceuticals (Padhye et al., 2014; Osorio et al., 2016). 
Table 3. Concentrations of pharmaceuticals detected in river water during winter and spring seasons (n = 3) 
Sampling points Concentrations of pharmaceuticals (ng/L)
Carbamazepine Naproxen Fenoprofen Diclofenac Ibuprofen
W S W S W S W S W S
YMCA <LOD 3 570 ± 1.9 9 710 ± 2.1 500 ± 5.1 10 500 ± 9.2 4 960 ± 7.3 9 100 ± 4.3 6 920 ± 1.4 28 900 ± 5.3 16 200 ± 8.2
College Road <LOD 3 790 ± 1.0 <LOD 950 ± 0.9 <LOD <LOD <LOD 5 920 ± 6.3 14 800 ± 3.9 11 000 ± 4.2
Woodhouse <LOD 1 200 ± 6.2 <LOD 400 ± 0.9 <LOD <LOD <LOD 10 005 ± 4.1 8 230 ± 1.2 10 600 ± 4.3
Camps Drift <LOQ <LOD <LOQ <LOD <LOQ <LOD <LOQ <LOD 22 000 ± 2.5 <LOD
Bishopstowe <LOD 1 930 ± 6.3 60 ± 1.0 6 690 ± 2.3 460 ± 1.4 <LOD 60 ± 5.9 4 730 ± 1.0 960 ± 1.3 9 060 ± 3.2
Mgeni 830 ± 0.9 - 320 ± 2.8 - 5 090 ± 2.5 - <LOD - 32 900 ± 8.3 -
Umbilo 170 ± 1.4 - 90 ± 1.3 - 230 ± 0.7 - <LOD - 340 ± 1.5 -
Umhlathuzana <LOD - <LOD - <LOD - <LOD - <LOD -
Mbokodweni 80 ± 1.0 - 330 ± 1.0 - <LOD - <LOD - <LOD -
W: winter, S: spring, <LOD: below detection limits, <LOQ: below quantification limit, -: not studied
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On the other hand, rainfall can result in run-off washing the 
compounds from the dumpsites, leading to their discharge into 
the nearby rivers thus increasing their concentrations. Also, the 
differences in the rate of consumption of each pharmaceutical 
during each season contribute to differences in their concentration 
in the environment. These could be the reasons for the different 
seasonal concentrations detected.
Carbamazepine was detected for all sampling points during 
spring, except Camps Drift, with higher concentrations compared 
to the winter season. The presence of carbamazepine in river 
water could be due to its persistence in the environment. Also, 
it undergoes little or no degradation during conventional 
wastewater treatment processes, and hence is disposed of with the 
effluent to the receiving rivers (Ebele et al., 2017). These results 
are in agreement with those obtained by Guzel et al. (2018), where 
higher concentrations of carbamazepine were found during the 
spring season compared to other seasons.
Ibuprofen was detected at higher concentrations and at almost 
all sampling sites (95%) during both seasons, with the highest 
concentration in winter. The reason for this could be high water 
solubility and low volatility, which suggests a high mobility in the 
aquatic environment, resulting in it being commonly detected 
in the environment (Buser et al., 1999). Higher concentrations 
of ibuprofen in winter have also been reported in literature 
(Nadais et al., 2018; Lindholm-Lehto et al., 2016).
Fenoprofen frequency of detection was significantly lower (30%) 
in both seasons and it has been reported to be one of the least 
frequently detected NSAID pharmaceuticals in the environment 
(Küster and Adler, 2014; Fkhaida, 2014). This could be due to the 
conversion of acidic pharmaceuticals into other species during 
chlorination in the treatment plants, which leads to them being 
less detected in the environment (Mbhele et al., 2018). Diclofenac 
was also detected at many sampling points (60%) and with higher 
concentrations during the spring season. These results are in 
agreement with those reported in literature, where diclofenac 
concentrations were higher during the spring season (Loraine and 
Pettigrove, 2006; Guzel et al., 2018).
The rivers into which the investigated treatment plants discharge 
their effluent were found to have lower concentrations of 
pharmaceuticals than for the effluent, except in the case of 
the Mgeni River (Table 2). This could mean that the traces of 
pharmaceuticals disposed of as part of the WWTP effluents get 
diluted as they reach the rivers. It could also possibly indicate that 
the pharmaceuticals are photodegraded and hence transformed 
into other products, thus reducing their concentration levels 
detected in the river. Higher concentrations in the Mgeni River 
could be due to domestic discharges from informal settlements.
CONCLUSION
The SPE-LC-PDA method was successfully developed and applied 
for qualitative and quantitative analysis of pharmaceuticals in 
water matrices. The method recoveries ranged between 89 and 
120%. Ibuprofen was detected at the highest concentrations in all 
samples. The concentrations obtained in real water ranged from 
60–28 900 ng/L in river water and 70–66 900 ng/L in wastewater. 
Influent contained the higher concentrations (100–66 900 ng/L) of 
the analytes compared to effluent (70–9 450 ng/L). Concentrations 
recorded in effluent samples indicate that discharges from 
the treatment plants are one of the sources of environmental 
contamination by these compounds. The concentrations obtained 
during the winter season (60–28 900 ng/L) were higher compared 
to those obtained during the spring season (400–16 200 ng/L); 
however, spring had the greater number of pharmaceuticals 
detected. The concentrations found in this study were higher than 
those reported by other researchers, which is cause for alarm, as 
these contaminants are a growing concern due to their effect on 
aquatic life and human health. Also, these compounds do not have 
set allowable concentration limits; thus the results of this study can 
contribute towards the information on the concentration levels of 
pharmaceuticals in South Africa. This can help the policymakers 
to set allowable limits for South Africa.
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